Introduction
Atherosclerosis of the carotid artery represents a major risk factor in the development of stroke 1, 2 . Although atherosclerosis can remain below the clinical horizon for a long time, it can manifest clinically as acute vascular disease at almost any stage of the disease process.
Evaluation of atherosclerosis by means of clinical end points-morbidity and mortality-requires large study populations and necessitates considerable human and financial resources.
The use of surrogate markers to measure atherosclerosis burden in vivo has become wide spread. Imaging modalities have been developed to assess atherosclerosis in vivo in the arterial wall and B-mode ultrasonographic imaging of the carotid arterial walls occupies a unique position in atherosclerosis research 3, 4 . This method enables sensitive, reproducible and non-invasive assessment of intima-media thickness (IMT) as a continuous variable.
Epidemiological and clinical trial evidence as well as digitization and standardization have made carotid IMT a validated and accepted marker for generalized atherosclerosis burden and vascular disease risk 5, 6, 7 .
Clinically, the IMT is usually measured by using ultrasound imaging. Longitudinal B-
Mode projections of the artery are acquired and sonographers manually measure the IMT value by placing two markers on the distal wall, one in correspondence of the lumen-intima (LI) and 4 another in correspondence of the media-adventitia (MA) transitions; the IMT value is then computed as the Euclidean distance between the two markers 8, 9, 10 .
The potentialities and diagnostic applications of multi-detector row CT angiography (MDCTA) have widely improved because of their high spatial and temporal resolution, the use of fast contrast material injection rates and post-processing tools. Besides stenosis degree,
MDCTA clearly depicts carotid arterial wall thickness (CAWT) as recently demonstrated by
Saba et al 11, 12, 13 .
The purpose of this study was to compare semi-automated and automated algorithms for the analysis of CAWT and IMT.
MATERIALS AND METHODS
Demographic data. We retrospectively studied 20 patients, (13 males, 7 females; average age 66 years; age range 59-79 years) that underwent both MDCTA and Colour Doppler ultrasound (CD-US). MDCTA was performed every time a previous Colour Doppler ultrasound (CD-US) examination had evidenced a stenosis > 50% (according to NASCET criteria) and/or a plaque alteration (irregular plaque surface, ulcerated plaque). MDCTA was also performed when CD-US provided insufficient information about stenosis degree and plaque morphology, i.e., in those patients with difficult necks (obese subjects, edema), large calcified plaques with acoustic shadowing or high carotid bifurcation.
Exclusion criteria for the study consisted of contraindications to iodinated contrast media, such as a known allergy to iodinated contrast materials or elevated renal function tests.
Since imaging undertaken was not additional to that performed routinely in this group of patients, it is the policy of our divisional research committee that specific ethical approval did In this study we explored as anatomical range from 2-3 cm below the bifurcation to 2-3 cm in the ICA. well discussed in our recent work 17, 18 . The LI and MA border detection in the region of interest is based on peak detection driven by Heuristics. The IMT was measured as the polyline distance metric 19 between the LI and MA border profiles.
Semi-automated (Ground Truth) assessment of CT and Ultrasound.
ImgTracer™ (Global Biomedical Technologies, Inc., California, USA) is a user-friendly interactive software system that was used for two purposes: Statistical analysis. Kolmogorov-Smirnov Z test for the distribution the normality of each continuous variable group was calculated. Continuous data were described as the mean value ± Standard Deviation (SD). The correlation between groups was calculated by using the Pearson rho statistic and the regression scatter plots were calculated. We evaluated intermethod agreement using a Bland-Altman analysis. A p-value less than 0.05 were considered significant. R software (www.r-project.org) was employed for statistical analyses.
Results
General Analysis. The summary statistics of the CAWT and IMT measurements are provided in the Table 1 . In the CT groups the Kolmogorov-Smirnov Z test demonstrated the normality of the distribution whereas in the ultrasound groups the the Kolmogorov-Smirnov Z test did not show a normal distribution. The Box-and-Whiskers plots are given in Figure 4 . Table 1 whereas the scatter-plots are given in 
Correlation analysis. The correlation analysis is summarized in the

DISCUSSION
In the last years, several papers have demonstrated that the thickness of the carotid wall, measured by using the ultrasound (the analysis of IMT) or by using the Computed Tomography (the analysis of CAWT) is associated to an increase of cerebrovascular risk, as well as to several metabolic and neurological pathologies 6, 8, 9, 10, 11, 12, 13 . Nowadays the assessment of IMT represent an important step in the cardiovascular risk analysis because it is considered a reliable indicator of cardiovascular and cerebrovascular risk 21 and the Rotterdam study showed that the IMT had an important diagnostic and predictive value for incident myocardial infarction 22 .
Recently, much attention has been given to the association between ultrasound measurement of the IMT and the Framingham risk scores 24 . Polak et al. 24 showed that the In the Bland-Altman analysis the better results were obtained by comparing the semiautomated and automated algorithm for the study of IMT with an interval from -16.1% to + 43.6% whereas sub-optimal results where detected between automated algorithm for the study of CAWT versus automated algorithm for the study of IMT with an interval from -16.1% to + 43.6%. The IMT algorithms show very good results whereas the CAWT algorithms show suboptimal results.
In this study there is a limitation: this is a retrospective analysis. Further to this point, we used the same techniques, hardware, operators and data standardization and so the variability in the retrospective analysis should have been reduced but these results should be further tested in a prospective study.
CONCLUSION
13
In conclusion, the algorithms for the automated and semi-automated study of carotid artery wall are becoming a reality that in the future can be implemented in the clinical daily activity. The results of this preliminary study demonstrated that the CAWT and IMT can be studied with this kind of software although the CT analysis need to be further improved.
F is the speed function, which is depended on the imaging data and level set function  . The moving front C can be represented by the zero level set as ( ) {( , ) | ( , , ) 0}
C t x y t x y   . We will limit our problem domain in two-dimension image space.
For traditional LSM
28 ,  is required to be kept close to a signed distance function during the evolution, therefore re-initialization is required constantly during the evolution.
However the re-initialization procedure can be very complicated and time consuming, and have great side effects. In order to overcome those difficulties, the evolution equation 1 is redefined
The first term in the right hand side of equation 3 is the measurement of the distance of how close a function  is to a signed distance function, this term will eliminate the re-initialization of  during level set evolution, and µ>0, controlling the weight of the penalty term. The second and third terms in the right hand side of equation 3 are the energy terms which will drive the motion of the zero level curve of  to the desired boundaries.  >0 and  is a constant,  is a univariate Dirac function, H is the Heaviside function, g is the edge indicator function defined as:
G  is the Gaussian kernel with given  , I is the given image matrix.
Finally, equation 3 can be solved as:
Equation 5 Figures   Fig 1. MDCTA axial image original slice (a) and after manual and automated detection (b). White arrows indicate the internal carotid artery. In panel b are visible the detected boundaries using Athero-CTview™ (blue) superimposed with manual tracing using ImgTracer ™ (red). The tracked lumen and outer wall boundaries are well close to the manual tracing. 
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